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Abstract of JP2001 31 5041 

PROBLEM TO BE SOLVED: To provide a main 
spindle device surely feeding lubricating oil to a 
lubricating face of a rotor, suppressing the 
increase in the bearing temperature to the 
minimum, and manufactured at low cost. 
SOLUTION: This main spindle device is provided 
with a shaft 15, at least two bearings 16a, 16b, 
16c, 16d and 17 separated in the axial direction 
of the shaft 15 and having inner rings fitted 
thereto, and a housing 18 fitted to the outer ring 
of the bearing and the inner ring and the outer 
ring of the bearing are relatively rotatable via a 
rolling element, This device is also provided with 
a lubricating device feeding minor lubricating oil 
with discharge speed not less than 10 m/see and 
not more than 100 m/sec and discharge quantity 
not less than 0.0005 ml/shot and not more than 
0.01 ml/shot to the bearing via a nozzle 20. 
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[005 3] U >^f*3©?a?ttt2 5 SriSEEKT 

£<tS. S?tte2 5©ffil®> ^i;>^3 6f©«P>^S 
3 7©05g#&m-C#ft<ft£ai > =J^jl,4 3^©«ife 
^^^©^KiS^-CMiE-r-SfcJ*. (WDtttttB* 

•r £ c £ ic <t *) mmm 2 5 ©©ft Bft*B&g»tciis 
-e*z><Dx\ fe&jw7*.jmtLi*i,>. comm. m 



(6) . ^H200 1-3 15 04 1 
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*-CffofcrtmSJirF-e**»£. BP*> V Qr^Amin • 
f max-"C*5«te (5 1)H, — S&^T?©ttmaA. it) 

A = Amin. f=Qr/Amin 

[0047] C'Ct, Amin Cm 1 /-> a * rO At) 

m^mom^iZO. 00 1 Cm l/i/s» h) <fr£. 
fmax C^-3 y r/#0 W*Sg-CtH*-C#S^ 

im<'Em&i$i.-e$>z. tot, c©«^©^e<3^^ 

tittHfi (ffSttfcB») Qrftt (3) aSSCj^fS^-f 3 
C £«<:&£,, 

(3) 

*a. mmmitz.k<Dj:'>tc®M??>. 

A = Q r / f max f = f max 

r . c ©^©^GtaiajEtttHs (ffsttttis) 

Qr ftt (4) ^«:J:DS:3£-r-5)C.<!:tC&i„ 
-<4) 

[0 0 5 4] g/c. *IJSP£tg6tt. ^iil^*f#i£Sr 

s@3£»©[siejis*^ob. cvmm^icfcctcm 

n±tBfi*p^-rsfc©-c*orfc<fcC^ c©*§£-. 
a«fc#oT*{w&fta&«»te2 5©«*&*s3jsg£ 

#9 . jB»iS2 5©jt#J«te£|*itU fl-3flKC«jiJCc 
[0 0 5 5] ii^MM^i^Slifig©^* 

[0 056] ®^«?@ftjE&#>7 , 5 ©ttffi^^r 

^>^5 ©asgf^Bttc*j^siiifi^=&^-ritBS0-c 

^-5. CCtB, mmtilZ 5©lttWt^*CCD*^^ 

i»ji[5i^«c*jw.5xr*-7 i >©i^ > la^rtssiy: 
teifssiiitaijiK©^, i2^rtmRcxttffittfi©re 

t-Xf t-f F^Xf >1/^ISUS 3 1 6 
m<D£m. RO'PEEK (if! , Ji-fto-f*i r h 

y)fo?«f»i'*iv>fcjH v c©fl&ic*)-fiae<)* 
r;us • l@3fc©#tfc&jsi*m. 

[0057]CCTOI««, yX;U5t4SS£f4i§£©!S 
(lOmmBSfS) J: 9S<i&5 0 mm©FaPi* 
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[ o o 5 8 ] Mj^a^osim&tttett. fsSM*rtfa& 

P5j<55i. CCD*y556t, ^hP*'5 5iCC 
6i?r*IJ®-r-5M@)^g5 7i. CCD*^ 

5 8 ?&m s n/c^**^-r s*-^59<t* 

[0 0 5 9 ] CValtiUtmmcJ;*)^ ;X)\,20i)>hm 

mm 2 5 #ttm ? n wt t#g* ^ha u ta u 

*>\ jfttt&flflV G 2 2 (S&feg : 4 0 *C"C 2 2 c S 
t ) ZMl>tc. . 

(0060]C©i^(C. jByf ftfc 2 5 <Dtttti#3i§!£oJ*li 
ffcl<-c. ®rfffl2 5©ittffit^*«^^frT-ci*K* 

^^iT*-^><DiJ#^W-r«:?Sfftt2 5*^tg« 

ISrS sc infills r*fc.'*fc. *8&ift(fiftft : gj& 

tMffi&D 1 0 X£Lk£ L/c. Pttfc&MftftS 16 0m. 
m- rtlirtSl 0 0 mm. ^S&^t^ ^RSd. = 1 3 
2. 5mmO#gtlJ, ttefWtfcf* ?-nSd.©M^-C 
©^Stt. UlitalgN =19000rpmr-131. 8 
m/seciM. B|J^. Jia©Bg 1 0%V&ZQtmm 
El 3m/s e c#s— 3©g3e<h#9 . c©ffi*i;rt:#< 

(006 1 ]HS 10-01 2{CiSftitt©tttiJtfc , l|CDi3^ 
ISJ|*^„ MlOtt, >X;l/2 OCDRtaiSilttffljljK 
i©I^4^f 7 r. ^XJKDIttmS^^'v > - £ 

#0. 0 8mmit)/M< 4*ittffl|fti©(fi&ot*i 
0. 6mm«fc9*&^£ftti 1 jIS5&il 3m 
/sec£IT©WMffii«;^fc t Lfc^^T, >X 
^©ttWSCWS&ffiHfitttO. 08-0. BmmitS 
CiW*U>. C©££?H?#telj«. ttttlitgl 3-7 
0m/sec, lIel*fc»3©iai(Uteao. 0008~ 

o . oo4mi -otta $ ti . 3 a, tc . iSM-rottaat 

S<tttWttS©>'-t7>^*#^t-r^,i 0. 1—0. 5 m 

jtfi2 5— • 68m/s e c. 1 @*/c9©ti:Bitee0 . 
001ml~0. 0 0 3mlTRtffi3n5. Sfc. ttffl 

0 "C-C©®!|iteS#5 cSt-50cS t©j@ffft&T?«:. 
tttttf&gl Om/s e cJW±l 0 0m/s e cJMT. & 
Cf. ttHlttMO . 0 0 0 5ml M.±0 . 01ml fe^Ti 

CO 0 6 2] HI IB, 0*>6©?B?ttt2 5© 



j#P3 2001-315041 
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CCTtt, BSgf^dSrO. 5-1. 5mm. IBlrg;* 
L£ 1 0 0—3 0 0 Omm<hLfc±£©#l£fcHiigS£. 
IffgffiSi©^ ^ - £ L/d 4 f 6 ^5 7 iC C 

fc*>©T-&&„ C <D# 77 L/d 4 
£ 1 20 00 (mm-)i(Tr, tttH&g# 1 3 m/ s 

[0O63.]S12«, 6fi«igta©^y-*L/d 4 
£ftttittfl£©li§&£^f ^7-c*& 0 c<D?=77tr> 
10 6#*>5J:5ft. L/d'^ 1-2000 (mar') Oft 
1TC\ 0. 0008ml/^3vHlt..L/d^l 

0 0 0 0 (mm- J ) ©fBBrO .. 001ml /Is-av V 

d 4 ;S1 2 000.('mm-') ©ffiffl"CL t. d 
ttS.C&lCfcQ. ttfflagl 3m/s ectit, tttUtt 
SO . 0 0 0 8 m 1 /£/ 3 v bMtiCfSMTiC £#SpJ 

L/d*^ 1 0000 (mm" 1 )© 
^ffl-Cttffijlg 1 3m/s ecHi RttHiftSO. 0 0 

1 m 1 /V 3 s» hfetitcKSf-S Ci*5BjtliJi^. £ 
20 fc. L/d 4 ©TK(i^g£LrE i i : S3*S3@<-CtJk 

W^C£fCi:D^J3ti. L/d 4 £5 (mm 1 ) ttmm 

[0064] 44tfraMO£ttS^flfti?B|g 
l^?r*J&L,. ^M^g©iSSajS»|ft^^5;<!:Se3|5 

US: 1.6 0mm. P^$gg : lOOmin, ^^^ 
R&d. : 1 3 2 . 5 mm. 9WMMa*Z>b 2 - 5 6 
%. ««4ft :2 0g, : SUJ 2. 

VG2 2 4 0-C-C2 2 cS t) . T**sTJV 

mm : 9 8 ON. ^X;l/Sfe : Se3fc©*^xTS$if ©*§ 
a«3 ffl. egSfifi?fffi!j<>t/©i©^tt l fax- 0 - 1 5 
0 0 0 r pm (— 331 9 0 0 0 r pm. d.-N=25 
075) r. ®®$a£&tM%:h)V?±<Dm&. lASHES 

s<h^s^±^<t©M«. m^hJif^m<Dtm. m 

[ 0 0 6 5 ] 0 1 .3 WWllHlKaSifftS h** £ ©g^ 

40 ^-r^^^-cibs. H't'^-^^xTfls^ie©^ 
osmi ©rsffftt* s m i nBit. m^mmmmM 

©*£«:. l#<DSX)ltir>ib 1 y h*fc«J. 0. 0 

0 2ml ©?Bff tt£^*TH?*i 10s ec. 40sec. 

1 s e craRi-citfcabfc^of'-^^iSL, mam 
fa*fcf)©ttfcbteStt. -en^no. 01 125ml/ 

min. 0. 0 12ml/min. 0. 003ml/m 
in. 0. 12ml/mint<bS. ^©^-{^7 
?S?t^-C«. Hlra&g 15000rpm (d. - N = 
50 2 0 0S) tCfcC^r. M&hJl>9&0. 18N-mT* 




13 . 

zoKftux. *mw®&®Ai&fflmttv&. o. i 

4N • m<b<g< >3<=>«:i9000rpm(d. - N = 
2 5 073> -C^>. M§ bJl/i'fctO. leN'-mrii). 

[0 06 6] 01 3© h;l^<i#te#>6. fttettftft'O. 
0 0 3ml /m i n — 0 . 12ml /m i n ©ffifflT- 
(*. ®$fcBi*7B?#©t§^-© EMEjMtl'2 0'0 

0-15000 r.pm%i(£, C ft <£ 0 

>*>B*S< Cft«. Bj$T- - C , ©fiffi_fcJSHc.J: 
£iftJ®7I2J?£6fe>7©jl&i>£l»fi <■ iCB*5igoiSitil^ 

a&tt«wnw. MffttftttMM. ttmftfi^sft-r 
C0067] #{c. a 1 4 (JttiaiKjigt^tis^iiM 

#0 1 4 £10^0 13(Ctt; :f -Y ;l/x TSi»^©lS^ 
(C. ifiM 1 5 0 0 0 r p m S rtDf - $ L*SLT 
i,>ttt>*i. Chtti 1 5 0 00 r pm~l 7 0 0 O r p 

*m<t ux. mmmmmmxisysxit: mmmm^s 

[ 0 0 6 8 ] >XiC. 01 5 «iHm?*«J&B#CDttS h * * 

£. cct, (a) *i^s.rmmsxt, 3*®yX 

**61V«»h*fc»)0. 0 3ml©S»iS*8mi 
nBFS-CO. O'l 12 5ml/minttHJL&a^. 

< b > ammtomm-jj&M. i*©/^f, 1 ^ a .» 

h*ft:*) 0. 0 0 2m 1 ©?Bj#?|i|£l 0 s e cRflPg-C 
0. 0 1 2ml /mi nttfflb/ctfS-©^- 3»"C*S 0 
gE*©:*- )l3.TffimJjlRXte. 8 m i n JC 1 @©WJ-& 
•C*5j0. 0 3m l©jg?ttt5r3*©>'XJl/-C#^Lrt» 
015 (a) fc^fcfcStc. jS»tt©fi^«{cfl4 

&\->i>?§E.W)&mmicmft.. ■ztucm&oxM&m&ifi 
±M\sx<<>z. ctiicMbx. mvmmmmttxte. 
mtiLm®$> tt o <Dmmm&im i*^ l t, 1 @©^ 



(8) . 2 0 0 1^315041 

[ o o e 9 ] ktc. lie t**n*6^si©jaafcfism}ia 

|£fc©Sg©fI^ U-oi-iim^tcifv VX& 
C©i#©^^ft4>f5l2©01 5traDT*S 0 
CCT, #itB#££S©«, SffiJI?EWHjtao*4--f^x 

8 1 dBT'*SC<fc£^LT:fe9/[5|&B$£©Jt^©ft. 
*s m<DJ:>?t l cz%;<Dy~>yx7iiLX\<>2>. cv>if~>v 
io ^e.^^ct^fc. *3g«^JS©itel(c4SC»r«iJE 
^r^m^x^^xDx, u&<d* -ouxrmmtt 

[0070 ] 4M<cfK££NttKc.- jge&gjg 
?ttt^>^5 *i 6>©iS?»tt*a»©l4S{c^g2«^S 

f*. 01 7B, -jBSW^#>:/5®&ttKlfifttc 

MfzmMmm&ijk-rwmmx-itbz. ccm jg&i 

«nW>« 'i>XA2 0 i©fgic/^3t!/c£-#i& 
IE@^ 9 5rffiCirSSS!©«l*«C?S?f 

ftll^G/i:,, 

[007 1 ] ±Sa^^feSE^M9 KB. LABO SYSTEM 
^tM ©AUTOMATIC VALVE UNIT 401 SERIES B^/WT^ 
ffll^. ISg 1 0 Kti, U^MW-C^S^J 1 . 5 9 

mm (1/16 inch) , rtSlmnKD'Si©^ 

30 itsii^tt, m<D&fti£mmmm9x&*6m<oM 

f 10OIW, ^KSB««g9(C«^34i/t3>f 
a~7 1 1 

[0072] nJVUbmm 1 2 0 tt. * h PjK5 5i, C 
^J^.S*lJW^g5 7i, CCD*>^5 6^6©^ 

femn*:Mmrzv7 : *s st. zt*5 8x&mzti 
[0073] c©^iteiBess9©tttM*ipffli-r-i>fc 

40 yX;U2 0^6»©SftttR±fflt^*-5I^tL,. 

yX;Htt{US0. 2mmiLtEfft3 40. 5~ 
4. Ornilfc. 

[0 0 7 4] CCTtt ^iKi51f«B9{CSmb&^ 

® 1 6 ^- f- ©^tt 6 ^<omm^:tm l . c ©sat 

SSSrO. 5~4. 0m©f5ffl-C^<t^-tf, BBSfcS^ 

snfc^x^2 ©^^©iHtttettaaKa^siftftB?: 

50 SB. «!Bl^<i;F t 3l&il^ffii©«Ma5^*ffl^&giL 
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i o o 7 5 ] B 1 8 «. ^^mmmmmmsmtymm 
c o o 7 e ] ig 1 9 » % &fmm < m£mmmm±jmm 

&4:%£bScC>4<,>*..&,, 

• [o o 7 7 ] jy±©ci*>6 ; ^fegae^g ^fflt,^ 

i 0 0 7 8 ] fcfc. C ©$«»g<D^iKiemiM9 tc 

■ ©rfrlRCDeKl^^T'SSt bC, I5ILAB0 SYSTEMj±» : A 
UTCMATIC VALVE UNIT 401 SERIES 1 2 ■£ J* A,-? 4* * SIM 
AZUfcttg: LabPR0 6, LabPROlOtffe&fljTs* £„ 
^#*8KE^StCtt t - C*x6©igS©fti!{Ck. |5Jtl&« 

->U2 0 £Dft JgSO-fiiS^«iiccg:ir-r -5 C 4 «t J: D . f 
(0. 0005-0. 0 1ml/li/ 3 7h)©Sfttt 

2 5 iK+tmK-cgtffit&ttr s c 4 a*-e# 
[oo8o]sfc> ;X)\>2 oa>e>©ittmss ( 1 0- 

10 0m/sec) *ijgl>/cto v itii|5J^B$fc^£-r.z > 
2 5^fit*&-r^C4*5-c|f So ? UXt HijE^tcjEED 

■a-&c4AJ-c*5fc&. ^waisatKtci^isnr. ± 
•S. £#4£@B'gilS9£fl3t,>Ti-£r©?B?f$SM 

ffimtib* -5 c 4 #r # -s. . 

[ 0 0 8 1 ] CtlfCfc*?, f*^rtg|5K:^S!ffiW)&iljt 

?f»tt2 5«$tSKcWSff38P{c«^ : 




C9) 49PB2 00 1 -3 1 5 04 1 
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#<&-5, coifed mmmffismm&cztu*. 
(Dtjji^rmmttttmisx. j:>)mmm^xo>^ 

JUfi/fr$< *-OUS* F-#%4-ffc£bfct>. ^L,C\ iS 
.5. 

10 to 0 8 3 3 ±m<Dmmz£t.tbzt. &mm&mij 

S:*ffli»*C4.«cj:*). S£3fc©*-Ol>5* h©^^. 

mt^Mmtsat wmmtimB. am, 

*Tmt&&ffi%tsmtx-$. & /cii#u^u*fi< & 

tcmmx- # , £ fcfflg h a * ©{£ h ;u > ft, RC^SStt 

tcsn^ #5Kaai:j?*Hst>c4*B6itt©'@efflffi* 

20 [008 4] ^cfc, *SWS^«Sfc*jw^r v a^S®?fttt 

i.*?ti<D&$kmffiffiffix$>-3X&, tttHitSE 1 0 - 1 0 
0m/secTO. 0 00 5 — 0. 0ImlAa?F 

mzmmbtcxisrfzi&m-zc.tifixiiz. s^k. 

[0085 ] (Sf2*^^) ;j>c«:, 4»«®9-2%it 
S^^^tt. €fift54M«*a4ffl*.^fe-a-fcSSaijs 

40 ^*m{cewx«mEE?:^n^nEn»nT^c4K:j: 

7 rt©EE**^tt]3 ^ x^*> e,®s*©?sff fft^e? 
«^{cttffl3-a-ct>5 0 cc-c, ffM©tiifflaS4tttij 

ffiRDnttfflttfi*^ i^j 1 0 ~ 1 0 0 m/s e cIS, 
0. 00 0 5-0. 0 1m.l/i'3 7hSg©ii(Cg 
>0 3S#nri,»*«^, >aeMMi|S4«Rtt^-C^ : 1 2 




mm. S3 : 10 0 mmifi (#ffct*#jl 0 0//mOI 

e?a^^-©^{i iqoopp mia, mm 
[0 086] -ecr. xmm&miaa^te. mmtm 

iufcifiSiltl,*^. i20 &##£BJ<D0 2 

K#*£*&^g©ise&fi$ifiHft*>?*6 o (ommm-c$> 

1S561 i. mfiSS6 1 *JR§-fSlill<D^ 9 10 

e 2 1. R^tprasu«:-5«*w-rsDjKii* (fx h 

4 *ltXSfra^2©^^^>^6 5i*«^ 3<!>{e\ 
nJlfrt*:6 3if2©A^y>^6 5 ^©KJC^W en/c 

8e88 6 8 <D^H^i\WL^t 6 tiftMjiJf 6 9 , 7 0 i%f 

[0087] ±nEffif&(DM$mfflftm#>-76 0 {Cfcl> 
-C . nf^lffc 6 3 SriOJES 6 6 ffl Jttffi b ffi-r fc&©m> * * 20 
64(3:, nJ8W*6 3©0«^M6 3aiHr2©>'N'?^> 
^6 5©Jjg®6 5 a iO^KEKStl^ bJS6^6 3 
tt v a A )Vm&m& 75* 6^1856 1 ©a -OKCSift 

**gy&^nac<kr. *&:e6 i»cfl£3i3frcm© 
[0088] 4©&, a w jmmmm 1 5 #.e>©nsiE© 

fW* 6 3 teM/>'* 6 4 ©JS^J«C <fc ^ TflnJE^6 6 AUK 30 

6 6 5**nBE3n, uttbffl'MSse 8 ±©jsiit#7 o 
rjnffi^6 6rt©ii?ftS2 5*5^^1/2 0 <fc*)ittfcB3*v 
5, C©<t#JIIlAv**6 4«, M^^6 4©^*1©1 

o-6o %©si^r®ffl 3 n-s <t ^ ctBSfig£fBi£ 3 nt 

[0089] RAiMlrHt. 3 -/;Hgtt@5S7 5 

txz>. ^omm. msEme e&imu-c. 40 

2 * 6lRAfliJii£8g 6 7 _h©S£it# 6 9 * M L rStf 2 
5*3StA3nS. pj»#6 3*!!Rg|$n-5i. M 

6 4 ttJRStu ^s©ttffl»«*#£fc«>K:i&g& 

[0 09 0] £U:©J:5&> ©A. ti:tfi*i^0jl-rc<!: 
KUfcoT. jffl?»tt2 5«W^fl<J{C^XJl'2 0*«P)B±(ii3 

£0E*f;?jJ: 0 4>A# < &-£ J:9K£3 tiros. 

[o 09 i ] cvmsmmoyms. ;X)\,&o. 1 mm so 




WH2 0 0 1 -3.1 5 04 1 

rtttBilS:* 6 0m/s e cIS, tttaiftS«rO. 0 0 
6m 1 . MES6 6©IE2>£4 0§y£ (4. IMPa) 
US. ME^#©liJ«)&6 3©?H$£l 0 mm. njftj 
*Xeft?*8 OjumiT-Si, 1^6 4ttJ IS 
B 2 70 6lcm2tlX^2>&5&mm<>'<*-<D<*t?l 2 
Elfc© t ©*<£«? titf J: 

[009 2]S/c C ©<£ &©m&5 6 1 zwtv&ffit? 
S<i. mS£53P#©^f&«. $>HI: 5 0mm. S3 : 4 

mommmm* z&m ucm^idt^-cm 4 khis©-?- 

-fXCCfcf^ /J^b^-BJ^i^^,, gfc^ 1856 1© 
iBt&JCtt. fiirC6.V. 0 . 1 AW&<D$kmts:mi)$:m 

[0093] ft*j> c<Dmmmm.v^ ^micfsm^m 

ffiilg© 5 0 %fl£©tk*Jtt+5>(CfS«l T t •£>„ 
[0094] C ©«fc <5 ic*HSS^©^#*|g©^S 
?B?fftt'l<> y'6 0 «, iffl^'^ 6 4 *ffist-r C i tcj; 

3 *IEKi3ti-, J0nJE^6 6 <DmM*Emtz.c 
<t"CjB?ttt2 5 ^rtttttTS — ~H. pJS6rf*6 3©IL(C« 
^SS56 l©qRgi^J*ffl^Ttr^„ c©a®Mia?ttt^ 
>^6 0(i. fiS^^^Mt*iN-^©lalift^4ffiffl 

[0095]^. tAimm i>tcw\ > m 2 mmmm<D 
3m$m<Dimw®mtiii#>75 . 6o«. m^is 

»'K »2HSS^®©^#«g©fl6©^iL-T 
[0096] 

[^?g©^] *%agfc#si#sigB. asfce?a?ttt 
^>^^-rs©-e. «^©^^A5x ^ 

fairer *fcipi&sh;ui'©«5£i4^<. 

[0iS©IS*ftgii!g] 

[si] *^i§©0 1 m&BmicmzzMgimotmm 
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[02] ±fSgg©iBj#;zr.* KD^^^-TS-C* 

(S3] ®®s?Bfttt* - >y«:^-rK®sr-*5„ 
[04] ^X;i/©AS&c>*{4g^*-r&*:0r-*s o 

[S5] ^.4 )Mwm2tizni&tmmiiii!±m±<Dmm 

[06 ] SStttfiS^-SfcsbK^^g^s-r-Sia: 

[0 7 ] &m&m<Dn8tfflwmm<D-M$:m-?zfu * ? 
0-c*-s. 

[0 8 ] &®&mftm#>-7<Di±mt,mmic*s»zmb 



[0 9 ] mmtimm#>?o}&m$mmci<sv2,-aim 
[0io] ^xjK^fftasiiia^ioM^^^-r^ 
[0in ^x^e©js^te©ia:mt^^BTm{btr 

[012] ^fittO^vrf-^L/d'ittttitegi 

[0i 3] ^m^&t^y^i/ii^mm^Tri-rtf^ 
[0i4] w@siSi^$ia's;±^i<DH(i^Try 



io 



CU) #P§2 0 0 1 -3 1 5 04 1 

20 

* [015] wtv^9<m^m&\jtcmfk^t9=j 
C0i6] *&m<Dm®mmmm#>7±ft$i(D&m<D 
[01 7 ] aslfiiii»ja*>V(Di4tesssi«F{cfcwiii 
[018] &ft&g5m&&&mm£&m$ma<Dm-& 
[019] ^*aa^sgffiffl^^*ffiffli^i©^ . 

[02 0 ] *«W©^2HJ^l!|«c^iifilS^©iS|S 

i 

5. 6 0 m$km®ffii&#i/7 

6 
7 

1 5 .# 

16 T>*^53E$i:g 

1 7 mC3$l&5? 

1 8 J\*ri?lsif 

2 0 >-X;U 

3 o ummttm 



20 



3 7 





(12) 



200 1-3 1504 1 



f 



[02] 



3UL 



s4 



FN 



.25 



3«>f ft?-*** 



f 
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del s ft*Sfl& 

Dil : rtHfrS 

H - <dcl+Dil)/2 



(a> 




(b) 










40 « Art*? 



urns* 
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